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METHODS AND DEVICES FOR NEBULIZmC FLUIDS 

BACKGROUND OF THE INVENTION 
The present invention is directed to methods and devices for nebulizing fluids. 
5 In a specific application of the present invention, the device is used to nebulize fluids for 
delivery to the lungs. Although the present invention is particularly useful for nebulizing 
fluids for inhalation, it is understood that the present invention may be used for nebulizing 
flidds in other fields aiid for other pinposes. 

10. SUMMARY OF THE nsrVBNnON 

In a first aspect of the present invention, a nebulizing device is provided which 
has at least two nebulizing elements. In a preferred embodiment, the nebulizing element has 
a vibrating element with a plurality of q)ertures. The vibrating element is preferably a 
relatively stiff element, such as a rigid domo-sbaped element, but may be any other suitable 

IS structuze. The vibrating elements are vibrated to expel fluid through the apertures 

The device may be q)erated to provide mdependent delivery of two different 
fluids. In a specific qyplication of the present invention for nebulizing liquids for mhalation» 
the first fluid may contain an immune modulator er a mucolytic, such as alpha deniase, and 
the second fluid could contain an antibiotic, such as an aminoglycocide like tobramicin, or 

20 quinolone, pentamidine, or an antifungal such as amphotericin B. Another application for flie 
device is for the first fluid to contain a short acting beta agonist and the second fluid to 
contain a corticosteroid The beta agonist provides symptomatic relief and the corticosteroid 
treats the underlying immune reaction. The beta agonist may be any suitable beta agonist 
such as albuterol. These drugs complement one another in the treatment of asthma. Other 

25 combinations of drugs may be delivered with the device which relate to the same ailment or 
to different aiknents. 

The first and second fluids may also be deUveied in the same breath. In one 
aspect, the first fluid may be delivered earlier than the second fluid. For example, the first 
fluid could contain a bronchodilator which opens the lungs for delivery of the second fluid. 

30 Alternatively, the second fluid could be a bronchorestrictor delivered after the first fluid to 
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help retain the first fluid in the lungs. Of course, any combinations of liquids may be 
delivered as the first and second fluids and the examples given are merely illustrative. 

Although the device may be operated to deliver two or more fluids, the device 
may be used to deliver a single fluid. When delivering only one fluid, the combmation of 
S nebulizers provides enhanced flow. For example, the nebulizing elements may together be 
used to deliver 40-300 microliters, more preferably 100-250 microliters, in one breath. Stated 
another way, the nebulizing elements are used to deliver at least 100 microliters and more 
preferably at least 200 microliters of fluid in one breath by the user. Stated still another way, 
the device delivers the preferred amounts m no more than four seconds of operating time. 

10 The first and second nebulizers also provide the ability to provide relatively large increases 
and decreases in fluid flow rate by simply activating or de-activating one or more of the 
nebulizers. Of course, the flow rate of each of the nebulizers may be adjusted by changing 
the power or fi:equency of operation. 

In another aspect of the present invention, the nebulizer may also instruct or 

1 5 permit the user to inhale a set number of doses over a period of time. For exanq)le, the 

device may permit and/or instruct the user to inhale six doses of the first fluid, such as a beta 
agonist, per day and only two doses of the second fluid, such as a corticosteroid. The control 
system may also p^lnit a set number of doses of one of the fluids ia relation to the amount of 
the oflxer fluid deliv^^. In this manner, the relative amounts of the two fluids can be 

20 regulated. 

These and other advantages and features will become apparent with the 
following description of the preferred embodimmts, drawings and claims. 

BRIEF DESCRIPnON OF THE DRAWINGS 
25 Fig. 1 is an isometric view of a device in accordance witii the present 

invention. 

Fig. 2 shows the device with a door and moutl^iece removed to expose 
internal components of the device. 

Fig. 3 is a side view of another fluid delivery system for the device. 
30 Fig. 4 is an exploded side of a vibrating element and a fluid receptacle. 

Fig. 5 is a side view of the vibrating element and fluid receptacle. 
Fig. 6 is an end view of the assembly of Fig. 5. 
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Fig. 7 is a cross-sectional view of an end of the assembly of Fig. 5 around line 

A-A. 

Fig. 8 is a partial ctoss-sectional view of the fluid delivery system for the 
device of Figs. 3-7.- 
5 Fig. 9 shows a single fluid container. 

DESCRIPTION OF THE SPECIFIC EMBODIMENTS 
Refernng to Figs. 1 and 2, a nebulizmg device 2 is shown. The nebulizing 
device 2 includes a housing 4 having a mouthpiece 6 and a door 8. The door 8 and 

10 mouthpiece 6 are removed in Fig. 2. Thedoor8iscoi^)ledto the housing 4 with hinges 10 to 
open and close the door 8. As explained above, the nebulizing device 2 of the present . 
invention may be used for a number of different applications and a preferred implication is as 
a hand-held, portable device for delivery of at least one fluid to the lungs. 

In one aspect of the invention, the nebulizing device 2 has at least two 

IS nebulizuig elements 12. As will be described in greater detail below, the nebulizing elements 
12 provide tbe ability to control the delivery of two differait drugs to flie pa&ml This can be 
important when two or more drugs are delivered to treat the same ailment The drugs may be 
delivered at the same time or at diflFerent times in a controlled manner. The combination of 
nebulizing elements 12 also provides high flow rates when only a single drug is delivered 

20 with the nebulizing elements 12. 

The fluid is contained in first and second fluid cartridges 14, 16. The fluid 
may be contained in any suitable container aUd a preferred container is an anqwule 18. The 
fluid may be delivered from the cartridges 14, 16 to the nebulizing elements 12 in any 
manner. A capiHaxy feed system 20 and a system for delivering single doses are described 

25 below. The device 2 is designed so that the fluid cartridges 14, 16 can be replaced a number 
of times for subsequent use. It is understood that the fluid may be delivered in any other 
manner such as delivering a number of discrete volumes fiom a capsule using a pistoiL 

The device 2 may be similar in construction and design to the devices 
described m U.S. Patmt No. 5,758.637 and U.S. Patent No. 6,014,970, which are hereby 

30 incorporated by reference, although any other suitable stmcture may be used. The ampoule 
18 preferably has a flange 22 which registers with slots 24 m the device 2. Fluid from the 
cartridge 14 is delivered to the nebulizing elements 12 with the capillaiy feed system 20 such 
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as the capillaiy feed systems described in U.S. Patent No. 5,938,1 17 and U.S. Pat^ No. 
5,758,637 which are incoiporated here by reference. 

Referring to Figs. 3-8, ano&er fluid deliveiy system is shown which is an 
alternative to tiie c^illaiy system 20 described in connection with Figs. 1 and 2. The system 
5 is deigned to receive single dose ampoules 1 8 which are replaced after each use. The 
ampoule 18 fits witiiin an adapter 26. The adapter 26 and ampoule 18 are preferably 
packaged togeth^ as a unit but may also be separate. The adapter 26 has a lip 28 which 
engages a fluid receptacle 30. The fluid receptacle 30 is large enough to accommodate the 
entire volume of the ampoule 18. In the preferred embodiment, the fluid receptacle 30 holds 

10 about 15 microliters to 2 milliliters and preferably about 500 microliters. 

The fluid receptacle 30 is generally fiinnel-sh^ed and extends iq>waid to an 
opening 32 which mates with flie adq)ter 26. The fluid receptacle 30 has a second opraing 
34 which fits around a vibrating element 36. The vibrating elemrat 36 has openings 37 
therein and a backside 38 exposed to fluid in the fluid receptacle 30. Lateral tabs 38 extend 

15 fix)m flie receptacle 30 and engage an opening 40 in a holder 42: The vibrating element 36 is 
mounted around an opening 46 in a cup-shape4 element 44 and the cup-shaped element is 
held witiiin the holder 42. The vibrating element 36 has the apertures 37 through vfinch. fluid 
is expelled when the element 36 is vibrated. Hie receptacle 30 is preferably adhered to the 
element 36 with an adhesive such as silicone The vibmting element 36 is vibrated with a 

20 ring-shq)ed piezoelectric member 48 mounted to the holder 42. Wires 5 1 connect the 
piezoelectric member 48 to a control system 51. The nebulizing element 12 may be any 
suitable device or structure and is preferably dome-sh£^ed and manufactured in &e manner 
described in U.S. Patent No. 6,014,970 incorporated above. 

The ampoule 18 is pierced by a first spike 52 which delivers fluid fit>m the 

25 cartridge 14,16 to the receptacle 30. The first spike 52 is mounted to the adapter 26 and is 
replaced with the adapter after oach use. A second spike 54 introduces air into the cartridge 
14, 16 as fluid is drained into the receptacle 30 for smoofli delivery of the fluid. The first and 
second spikes 52, 54 automafic^y pierce the cartridge 14, 16 when the door 8 is closed. The 
second spike 54 is mounted to a top 56 which is drivm into the receptacle 30 when tfie door 8 

30 is closed. Although the fluid is delivered to the nebulizing element 12 in finite amounts or 
with capillary feed, the fluid may also be delivered to ttie nebulizmg elemmts 12 in any other 
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manner. For example, the fluid cartridge 14, 16 may contain a number of doses with the dose 
size being selected using conventional methods of delivering small amounts of fluid. 

Referring to Fig. 9, die device 2 may also have a single fluid cartridge 58. The 
fluid cartridge 58 may contain separate compartments for two different fluids. The fluid 
S cartridge 58 inay also simply contain a single fluid which is delivered to both nebulizing 
elements 12. Wbm delivering only one fluid, the combination of nebulizers 12 provides the 
ability to produce large flow rates. For example, the nebulizmg elements 12 may together be 
used to deliver 40-300 microliters, more preferably 100-250 microliters, ui one breath. Stated 
another way, ttie ndtulizing elemmts 12 are used to deliver at least 1 00 microlitm and more 

10 preferably at least 200 microliters of fluid in one breath by the user. The nebulrdng elements 
12 also occupy a relatively small area so that the device is compact The first and second 
nebulizers 12 also provide the ability to provide relatively large increases and decreases in 
fluid flow rate by simply activating or de-activating One Or more of the nebulizers 12. Of 
course, the flow rate through each of the nebulizers may be adjusted by changing the power 

15 and/or frequency of operation. 

The control system 5 1 controls the nebulizing elements and/or instructs the 
user on use of flie device 2. The device has one or more indicators which may be audible or 
visual such as a clock, timer, or display which tells the user when and/or how to use the 
device. In a preferred embodiment, flie indicator indicates one of more of the following: 

20 when the user should take a dose of one or more of the fluids, when the fluid is ready for 
inhalation, when the nebulizing element has been activated, and/or upon cornpletion of a 
breath hold time. InonemodeofopCTation, the indicator is sinq)ly alight. The user loads 
one or more cartridge^ 14, 16 and closes the door to deliver the fluid to the receptacle 30. 
When the dose is ready, the green light may flash which indicates that the user may activate 

25 the device 2. The device may be actuated with a button (not shown) or with a flow activated 
sensor. The light may remain on v/hea the nebulizing element 12 has been activated and 
remams illuminated until a breath hold period is completed. The breath hold period may be 
set to be anyvalue such as five seconds after conq)leting delivery of the fluid. Thevisual 
indicators described herein are merely an example of a systm for controllmg and instructing 

30 the \MSQsc in use of the device and many other variations for the control system may be used 
wifliout departing firom various aspects of the inventioiL 
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The device 2 may be operated in various other modes now described. Of 
course, the device 2 may operate in still different modes without departing from various 
aspects of the invention. In a first mode of operation, the first and second fluids may be 
deUvered in the same breath or may be defivered independently. In a specific ^pUcation of 
the present invention, the first fluid may contain amucolytic, such as alpha domase. and the 
second fluid may contain an antibiotic, such as'an aminoglycocide like tobramicin, or 
quinolone,pentaniidine, or anantifungalsuchas amphotericins; The control system 51 may 
also peraiit and prevent a set number of doses over a period of time. For example, the 
nebulizing device 2 may permit the us8r to have a set number of doses of the first fluid, such 
as six doses of the beta agonist per day, while permitting anoliier set number of doses of the 
secondfluid,suchastwodosesofthecorticosteroidperday. In this mamjer, a single device 

2 may be used to control the relative defivery of two dififerent fluids. 

Hie control^ystem 51 may also operate to4eUver the first and second fluids m 

the same breath. For example, the fiist^fluid may be deUvered before completing delivery of 
the second fluid. When operating in this mode, the first fluid may contain any suitable fluid 
such as a bronchodilator which opens the lungs in preparation for receivii^g the second fluid, 
nie second fluid may be also deUvered after the first or "main" fluid. Tlie second fluid may 
be any suitable fluid such as abronchorestrictor. Of course, the first and second fluids may 
be deUvered smiultaneously for a period of time without dq)arting firom the scope of fee 
invention. 

FinaUy, the control system 51 may operate to deUver different amounts of the 
fiist and second fluids m any of the modes described above. For example, the first fluid may 
be a short acting insuUn and the second fluid may be a long acting insulin. The control 
system 51 liiay deUver different amounts of the two fluids such as twice as much short acting 

insulin as long acting insulin. 

The invention has been describedby way of the preferred embodiments, the 
mvention shauldnotbe Umited to the specific embodiments since various modifications and 
changes can be incorporated without departing fiom the scope of the invention. For example, 
the nebuUzing elements may be relatively flat elements, the fluid container may be a titratable 
capsule, and the device may have three or more nebuUzers. FinaUy, the invention has been 
described with itsspect to various features and aspects of the invention and it is underetood 
that these features and aspects are independent of one another and none of the features or 

6 
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aspects should be considered essential or indispensable relative to the other features and 
aspects. For example, aspects of the fluid delivery system may be practiced with a device 
having only one nebulizing element and aspects of the multi-nebulizer device may be 
practiced with an entirely diJBFerent fluid delivery system. 
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WHAT IS CLAIMED IS! 

1 1 . A method of nebulizing a substance, comprising the steps of: 

2 providing a device having a housing, a fiist nebulizer, and a second nebulizer, 

3 the first and second nebulizers being mounted within the housing; 

4 delivering fluid to the first and second nebulizers; 

5 activating the first and second nebulizers thereby nebulizing the fluid. 

1 2. The method ofclaiml, wherein: 

2 the providing stq) is canied out with the first nebulizer havixig a first vibrating 

3 element having a first plurality of apotures and the second nebulizer has a second vibrating 

4 element having a second plurality of q>ertures. 

* 

1 3. The method of claim 1, wherein: 

2 the fluid delivmng stq) is canied.out with a fluid cartridge mounted to the 

3 housixig, the fluid bemg delivered to both the first and second nebulizers firom fhe cartridge. 

1 4. The method of claim 1 , wherein: 

2 the fluid delivering step is carried out with the fluid cartridge having a first 

3 fluid container containing a first fluid and a second fluid container containing a second fluid, 

4 the first fluid container supplying the first fluid to &e first nebulizer and the second fluid 

5 contains sif>plying the second fluid to the second nebulizer. 

1 5. The method of claim 4, wherein: 

2 the fluid delivering step is carried out with the first fluid being a fluid selected 

3 fiom the group consisting of beta-agonist, mucolytic, and an immune modulator and the 

4 second fluid is a fluid selected fix)m the group consisting of an antibiotic, an antifimgal, and a 

5 corticosteroid. 

1 6. The mediod ofclaiml, wherein: 

2 the activating step is carried out with die first and second nd)ulizers being 

3 activated for different lengths of time. 

8 
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1 7. The method of claim 1 , wherein: 

2 the activating step is carried out with the first and second nebulizers being 

3 activated at the same time. 

1 8. The method of claim U wherein: 

2 the delivering step is carried out with discrete volumes of fluid behig delivered 

3 to the first and second nebulizers. 

1 9. The method of claim 1, wherem: 

2 the providing stq> is carried out wifli the housing having a moutlq)iece; and 

3 the method ftirther comprising the step of inhaling through the mouthpiece to 

4 deliver the nebulized fluid to the lungs. 

1 10. The method of claim 1 , wherem: 

2 the delivering step is carried out by delivering 40-300 microliters of fluid m 

3 one breath. 

1 11. The method ofclaim 10, wherein: 

2 the delivering step is carried out by delivering at least 100 microUters in one 

3 breath. 

1 12. The method ofclaim 10, wherein: 

2 the deliv^g stsp is carried out by delivering at least 200 microliters of fluid 

3 in one breath. 

1 13. The method of claim 12, wherem: 

2 the delivering step is carried out by delivering the amount in less than four 

3 seconds. 

1 14. A device for nebulizing fluid, comprising: 

2 a housing; 

3 a first nebulizer mounted within the housing; 

4 a second nebulize: mounted within the housing; and 
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5 a fiist fluid container containing a first fluid, the first fluid container being 

6 configured to deliver the first fluid to at least the first nebulizer. 

1 15. The device of claim 14, wherein: 

2 the first nebulizer includes a first vibrating element having a first plurality of 

3 apertures extending between a firont side and a back side; and 

4 the second nebulizer includes a second vibrating elemmt having a second 

5 plurality of apertures extending between a firont side and a back side. 

1 16. The device of claim 14, fiirther comprising: 

2 a control system mounted within the housing, the control system controlling 

3 activation of the first and second nebulizers. 

1 17. The device of claim 16, wherein: 

2 the control system instnicts the user when the first and second nebulize 

3 ready for activatioa 

1 18. The device of claim 16, wherein: 

2 the controil system activates the first and second nebulizers for different 

3 periods of time. 

1 19. The device of claim 14, fiirther comprising: 

2 a second flmdcontamer containing a second fluid, the second fluid container 

3 being configured to deliver the second fluid to the second nebulizer. 

1 20. The method of claim 19, wherein: 

2 the first fluid being a fluid selected fix>m the group consisting of a beta- 

3 agonist, a mucolytic, and an immune modulator and the second fluid is a fluid selected &om 

4 the group consisting of an antibiotic, an antifimgal, and a corticosteroid. 

1 21 . The device of claim 1 6, wherein: 

2 the housing has a mouthpiece. 

1 22. A device for nebulizing fluid, comprising: 

2. a housing; 

10 
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3 a first nebulizer mounted within the housing, the first nebulizer having a 

4 vibrating element with a plurality of holes therem, the vibrating element having a fiiont side 

5 and .a back side; 

6 a fluid receptacle which is partially defined by the back side of the vibrating 

7 element, wherein vibration of the vibrating element moves fluid &om the back side and 

8 through the holes. 

9 a fluid container containing a fluid; 

10 a chamber which receives the fluid container; 

11 a first piercing elmient which pierces the fluid container and delivers the fluid 

12 to a fluid receptacle, the fluid recqjtacle delivering the fluid to the first nebulizer; 

13 a second piercing element which pierces the container and permits 

14 introduction of air into the container as fluid is dehvered to the receptacle. 

1 23. The device of claun 22, wherein: 

2 the fluid container engages flie receptacle. 

1 24. The device of claim 22, wherein: 

2 the fluid container contains a single dose and is rq)laced after each use. 

1 25. The device of claim 22, further coniprising: 

2 ^ a second nebulizing element mounted to the housing. 
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